The third type is the ground surge deposit. It is generally thin, well-bedded, often rich in dense, angular rock fragments and more widely distributed than pyroclastic flow deposits, although not as widespread as air-fall pumice layers. The ground surge is a turbulent cloud of volcanic ash and hot gases, which hugs the ground and travels at speeds often exceeding 100 km. per hour. It probably precedes pyroclastic flows, in many cases by only a few seconds. A well known example of a ground surge occurred in the classic eruption of Mt. Pelke on Martinique in 1902. During this eruption, the surge, composed of pumice, ash, dense rock fragments and hot gases, descended the western flank of the volcano towards the city of St. Pierre. The ground surge swept widely over the terrain, traveling at speeds of over 100 km. per hour down the slopes of the volcano and over the city of St. Pierre, and almost instantly killed all but two of its 28,000 inhabitants.9 The surge left a deposit of only 20 to 30 cm. in thickness, yet caused spectacular destruction, flattening many stone buildings.
The deposits from ground surges are usually thin and inconspicuous, yet they represent the most destructive style of volcanic activity known. Only in the last few years have systematic studies of the deposits provided reliable criteria for their recognition. From this work it is now apparent that many volcanoes show deposits of the Pelke type, including Vesuvius. The origin of ground surges is still controversial. One possibility, which is the theory usually espoused, is that the ground surge accompanies or precedes by a short time a dense pyroclastic flow. The flow and surge are thus two effects of the same volcanic process, as suggested by the common intimate association of the distinctive flow and surge deposits. Although a great deal of research remains to be done on the origin of surges, there is no doubt about their lethal effects and on their common occurrence.
Typical cross-sections through the deposit of A.D.
79 in the region of Campania are shown in ill. 2. In most of the sections near Vesuvius the three types of pyroclastic deposits are encountered, with an air-fall pumice layer at the base, overlain by a succession of ground surge and pyroclastic flow deposits. The air-fall pumice layer near Pompeii is a very coarse, homogeneous deposit with particles having a mean diameter of about one centimeter. The characteristics and distribution of this layer have been studied in detail by Lirer et al.'0 Their work shows that the air-fall pumice was dispersed to the southeast of the volcano by the prevailing wind direction during the eruption (ill. 1). The deposit can be traced along the southwest coast of Italy as far as Agropoli, 72 km. from Vesuvius. The extent of the area subject to fall-out of air-fall pumice during the eruption, however, extended much farther south, since recent oceanographic studies on deep-sea sedi- Table. Two sets of facts in these reports are especially informative: (1) Stabiae was subjected to a fall of pumice (sometimes mixed with ash) throughout the afternoon of August 24, the following night, and probably into the next morning. No casualties are reported from this fall, and the Stabians, although afraid, did not panic. On the morning of the second day an event occurred at Vesuvius which caused them to flee; (2) although Misenum was not subjected to a fall of pumice or ash during the first day or night, a volcanic event occurred on the morning of the second day which caused the residents to flee. Within a short time fall of ash (but no pumice) occurred.
These facts indicate that the eruption consisted of two major phases, the first characterized primarily by fall of pumice and lasting in excess of 18 hours (Plinian phase), the second not characterized by fall of pumice but involving fine ash and having a much shorter duration (Pel6an phase). When he reached Stabiae, "danger was not yet near but obvious, and since it was growing, would be most near," so the residents would have fled by sea if the wind were not contrary (16.12). Despite the figurative language, the text indicates that "periculum" refers to the accumulation of volcanic material in progress at Stabiae. The text does not imply that the Stabians were witnessing the danger in areas closer to Vesuvius and fearing that it would eventually reach them, but rather that fall at Stabiae was increasing in thickness, and since it was growing (cum cresceret), they would eventually be in danger.
The Report from
Therefore, fall on Stabiae was in progress during the afternoon and was continuing, and accumulation was gradual enough to cause fear but not panic. Since the Stabians could not leave by sea, they remained rather than attempt flight overland. Although this portion of the text does not mention the nature of the fall, it is likely that the previous description of the fall on the ships in the bay of hot ash (cinis) and "pumice and even dark stones burned and broken by fire" would apply to the afternoon fall at Stabiae too (16.11).
Textual evidence indicates that during the night fall continued to accumulate gradually. At an unspecified point, since the build-up of pumice and ash (cinere mixtisque pumicibus oppleta) threatened to block the door of the cubiculum in which Pliny the Elder was sleeping, he was aroused (16.14).
Around the same time tremors became more frequent and larger (crebris vastisque tremoribus).
From fear of falling structures the Stabians decided to spend the rest of the night in the open, protecting their heads from falling pumice (16.15-16). This is described as "light and porous" (levium exesorumque, 16.16). There is no mention of ash. After commenting on how they protected their heads, Pliny the Younger in the next sentence speaks of daybreak. It is clear that seismic activity increased sometime during the night. The fall was now predominantly pumice and the accumulation was at least high enough to obstruct a door. But still the fall was gradual, and there is no indication of panic on the part of the Stabians.
The text is not decisive as to whether pumice fall continued until or beyond daybreak. But the manner of description suggests the probability that pumice was still falling at daybreak: although there was now daylight elsewhere (iam dies alibi), at Stabiae there was still darkness, "blacker and thicker than all nights" (16.17), which necessitated the use of lamps and torches. Even allowing for rhetorical exaggeration, it is unlikely that suspended matter from previous fall would have led to such a description. "Nigrior" implies the virtually total obstruction of sunlight, and "densior" seems to be a direct reference to the nature of the obstructing material figuratively transferred to the darkness (nox) itself, typical of the author's writing style. It is improbable that the text would describe daybreak in this way if the informants had not told Pliny the Younger that there was still a steady fall of pumice. But nothing in the text allows us to infer whether there was a cessation or decrease in fall between daybreak and the time when the next volcanic event was witnessed.
Around daybreak the Stabians tried again to leave, but the still contrary wind and rough sea consequent shallowness of the water" (Haywood). Although it is possible that seismic activity had produced an uplift of the seafloor, it is more likely that fall of pumice had created a carpet of pumice on the surface, as the rest of the line ("ruinaque montis litora obstantia") suggests. This is sufficient to account for "va- praenuntius odor sulpuris, 16.18-19) . Whatever happened that caused them to see "flammae" and smell an odor interpreted as sulphur was clearly a new volcanic event. Although on the previous night they had seen burning in the area around Vesuvius (16.13), previous volcanic activity as experienced at Stabiae was described as either fall of pumice (and ash) or tremors. This event was frightening enough to send them into flight-presumably overland, since there is no indication that the wind had changed. Pliny the Elder tried to escape too, but his health prevented it (16.19).
Whatever the Stabians witnessed from the direction of Vesuvius on the morning of 25 August, it was sufficient to send into flight a population who had withstood at least 18 hours of pumice fall. This implies a major change in the nature of the volcanic activity. As a whole, the report from Stabiae indicates that the eruption occurred in two major phases: the first consisting of the fall and gradual accumulation of pumice (sometimes mixed with ash) over a period of not less than 18 hours (reckoning from the earliest report of the eruption time as around 1:00 P.M. to daybreak the next dayroughly assumed to be around 6:00 A.M.), the second and more terrifying part introduced at Stabiae by sulphurous odor and sight of "fires"-with the clear implication that these fires will reach Stabiae-and occurring sometime during the morning of the second day.
The Report from Misenum
The phenomena experienced at Misenum differ from those at Stabiae, but they are consistent with and support the supposition that the eruption consisted of two major phases, the second on the morning of the second day. Pliny the Younger himself was the observer.
Apart from the sight of the distant eruption column and a mention of previous tremors (16.10; 20.3), no volcanic phenomena are reported as witnessed from Misenum until sometime during the night (24-25 August). Clearly Misenum experienced no fall on the first day, nor is there reference to fall during the night. Although Pliny the Younger probably exaggerated his nonchalance concerning the events around Vesuvius, it is clear that Misenum felt little effect from the volcanic events of the first day. Certainly if there had been any fall, it would have been mentioned. The first abnormal event to affect Misenum came during the night in the form of increased tremors, strong enough that things seemed to be "not only moving but turning over" (20.3-4) . These, which separately but simultaneously aroused Pliny and his mother from bed, are surely the same set of tremors which caused the Stabians to remain outside for the rest of the night, so it appears that they were stronger at Stabiae than Misenum. There is no evidence on which to base an estimate of the time of these tremors, but their probable simultaneity on either side of the bay is important in synchronizing the two sets of reports. Although there was now some consternation at Misenum, there is no evidence that anyone felt the need to flee. Pliny and his mother remained indoors (20.4-5). The text does not indicate whether the night tremors subsided before violent shocks began the next morning. They were strong enough to send people to areas away from buildings; vehicles did not remain in place even with rocks scotched around their wheels; the sea retreated, stranding marine animals (20.7-9). It is apparent that this seismic activity was far more severe than that of the previous night. This implies a major event at Vesuvius on the morning of the second day.
Within a very short time after these shocks began, Misenum was first subjected to volcanic ash. The following sentence speaks of a "dark cloud (nubes atra) from the other direction," lightning-charged (20.9.13-16). This sight sent some into immediate flight. Very shortly (nec multo post) this cloud reached the promontory of Cape Misenum, descending over the ground there, and also out toward Capri (20.10-11). Pliny and his mother argued as to whether he should flee while she remained, and without any informative temporal connective, Pliny says ash (cinis) began to fall (20.12-13). This was light (rarus) at first, then so heavy that he describes it as "night" (nox), not merely moonless and foggy but like night in an enclosed room when lights are out (20.14). After a brief return of light (reluxit)--according to Pliny, due to fire (ignis) in the cloudthe fall of ash was so heavy (multus et gravis) that they had to shake it off to prevent being covered (20.16). Eventually (tandem)-we cannot know how much time elapsed-the cloud disappeared and they returned home. The ash is described as "deep, like snow" (altoque cinere, tamquam nive, 20.19 ).
An important feature about this activity is the apparent rapidity with which the first cloud of ash reached areas as distant from Vesuvius as Misenum (around 32 km.) and Capri. It was immediately after Pliny described the most severe shocks that he refers to this cloud appearing from the other direction. It is clear that the shocks and the ash-cloud are parts of the same volcanic event. These phenomena witnessed at Misenum were so different from previous phenomena that they are probably the result of a major change in the nature of the eruption.
Except for continuing tremors, no further volcanic activity is reported. It is apparent that no major volcanic events followed those which sent the second ash-cloud over Misenum on the morning of the second day.
Comparison of the Two Reports
Experiences undergone at Stabiae and Misenum are different but complementary.
1. While at Stabiae there was gradual fall and accumulation of ash and pumice throughout the afternoon, at Misenum there was no fall. 2. While at Stabiae there was gradual fall of pumice during the night, at Misenum there was no fall. 3. At both places there was an increase in seismic activity sometime during the night, probably stronger at Stabiae than Misenum. At neither place were these tremors formidable enough to cause flight overland. 4. Sometime after daybreak on the second day, while at Stabiae there were the sight and fear of approaching "fires" and a sulphurous odor, at Misenum there were violent shocks followed quickly by two advancing ash clouds. These different experiences were formidable enough to cause the inhabitants of both places to take flight.
Both the differences and the similarities between these respective synchronous experiences can be accounted for by reference to the geological record. 4, fig. 4) . Secondly, the accumulation made it difficult to get about outdoors, as pedestrians had to wade in loose pumice in total darkness. It is unlikely, however, that the Plinian air-fall phase claimed many victims. On the contrary, it is more likely, in fact, that the 18 hour period of pumice-fall alarmed the Pompeians and gave the majority of the population opportunity to flee the city before the main disaster struck. While the low density pumice (0.6 to 0.8 g. cm.-3) will not have caused bodily harm, the fall of dense fragments of limestone and old volcanic rock (2 to 2.8 g. cm.-3) could have been lethal to some. These rock fragments range from 9 to 11 cm. in diameter in Pompeii, but their low abundance in the deposit shows that the chances of being struck down by such dangerous projectiles was relatively small.
RECONSTRUCTION OF EVENTS OF THE ERUPTION
The Plinian phase was witnessed by Pliny the Elder as his quadriremes approached the coastline west of Vesuvius in the late afternoon on 24 August. His rescue mission had to be abandoned, however, because the low-density pumice had formed a massive floating carpet on the sea near Vesuvius.27 Pliny the Elder changed course at this point, running with the wind to the south, and made landfall at Stabiae.
Although 17 km. from the volcano, Stabiae lies on the main axis of the pumice fall-out. During the night the pumice accumulation, which reached a final thickness of 250 cm., was so heavy that Pliny and his friend Pomponianus decided to move outdoors rather than risk being trapped inside by pumice or falling buildings. During the night increased earthquake activity was noted both by Pliny the Younger at Misenum and by the Stabians. It is likely that this build-up corresponds to the eruption of the gray upper part of the pumice layer, derived from deeper levels in the Vesuvius magma chamber.28
The pumice fall lasted throughout the night at Stabiae and continued into the morning hours. Pliny's informants at Stabiae reported that, while daylight was seen elsewhere, conditions there were "blacker and thicker than all nights." The situation at Pompeii must have been comparable on the morning of 25 August.
At Misenum the earthquake activity reached a climax shortly after daybreak on 25 August, corresponding to the climax of the Plinian phase. Pliny the Younger gives a vivid description of a prelude to a tsunami or seismic tidal wave accompanying the earthquakes, where the sea surges back upon itself "as though forced back by the tremors of the earth," leaving marine animals stranded. Tsunamis commonly accompany great volcanic eruptions, and may result from large-scale displacements of the sea-floor or, more likely in this case, from slumping of sea- 
